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Open reading frame 35 (bm35) of the Bombyx mori

nucleopolyhedrovirus (BmNPV) is a special gene

whose homologues are only found in some group-I

nucleopolyhedroviruses, suggesting that bm35 plays a

specific role in the viral life cycle. This paper described

the characterization of BmNPV bm35. Computer-

assisted sequence analysis shows that a putative RING

finger motif is observed in the protein, Bm35 encoded

by bm35. The coding sequence of bm35 was amplified

and subcloned into the vector pET30a(+) and the

(His)6-tagged fusion protein His-Bm35 was expressed

in the Escherichia coli BL21 (DE3) LysS cells. The

bm35 transcript and Bm35 protein were detected in

BmNPV-infected BmN cells at 12~48 h post infection

(p.i.) by RT-PCR and Western blot analysis using the

polyclonal antibody generated by immunizing a rabbit

with purified (His)6-tagged Bm35, suggesting that

bm35 is synthesized in the late stage of BmNPV infec-

tion cycle. Bm35 was not a structural component asso-

ciated with budded virus (BV) and occlusion derived

virus (ODV). These data indicated that bm35 is a func-

tional gene in the BmNPV life cycle.
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Introduction

Baculoviridae is a family of DNA viruses that have a

large, circular, supercoiled and double-stranded DNA

genome within a rod-shaped nucleocapsid. Previously,

this family has been assigned to contain two genera,

Nucleopolyhedrovirus (NPV) and Granulovirus (GV)

(Theilmann et al., 2005), but a recent proposed reclassi-

fication has expanded the family to four genera: Alpha-

baculovirus, Betabaculovirus, Deltabaculovirus and

Gammabaculovirus (Jehle et al., 2006).

The important silkworm pathogen, Bombyx mori

nucleopolyhedrovirus (BmNPV), is a member of genus

Alphabaculovirus. Since the complete genome of

BmNPV (T3 strain) has been sequenced (Gomi et al.,

1999), many genes have been well-characterized, such

as orf60 (Du et al., 2006), orf42 (Acharya and Gopi-

nathan, 2002), orf79 (Xu et al., 2006), lef-7 (Wang et al.,

2006), chitinase (Daimon et al., 2007), vfgf (Katsuma et

al., 2006), orf67 (Chen et al., 2007). BmNPV bm35 is

located at 31903~32298 bp in the genome of BmNPV

T3 strain. It is 396-bp long and predicted to encode a 131

amino acid peptide with a deduced molecular weight of

15.0 kDa. Homologues of bm35 are found only in the

genomes of some group-I NPVs, but are not present in

genomes of hymenopteran or dipteran NPVs or GVs,

implying that bm35 and its homologues may play a spe-

cific role in individual virus life cycle. In this study, we

analyzed the bm35 gene by examining transcription of

the gene and expression of its protein product in

BmNPV infected BmN cells. 

Materials and Methods

Cells, larvae, virus, bacterial strain

The B. mori cell line, BmN, derived from ovary of silk-

worm (Grace, 1967), was cultured at 27oC in TC-100

insect medium (Sigma-Aldrich, USA) supplemented with

10% (v/v) fetal bovine serum (Gibco-BRL, USA) using

standard techniques (King and Possee, 1992). BmNPV

(T3 strain) virus was propagated in BmN cells. The B.

mori larvae (F1 hybrid JingSong×HaoYue) were reared

on fresh mulberry leaves at 25oC with a 12:12 h light/dark

International Journal of

Industrial Entomology

*To whom the correspondence addressed

Tel: +86-511-88791702; Fax: +86-511-88791923; 

E-mail: gzh762677@ujs.edu.cn, gzh762677@sina.com



158 Ying Min Zhu et al.

photoperiod. The wild-type virus BmNPV T3 strain,

whose titer of BV was determined by end-point dilution

(King and Possee, 1992), was used to infect 5th instar lar-

vae. Escherichia coli BL21 (DE3) LysS cells were main-

tained in our lab.

Computer-assisted sequence analysis

The protein sequence was analyzed using ExPASy server

(http://www.expasy.org) for the prediction of motifs,

domains, transmembrane regions and signal peptides.

Homologues were explored by using BLASTP searching

tool in the updated GenBank/EMBL and SWISS-PROT

databases. Sequence alignment was performed with the

software Clustal X (http://www.ebi.ac.uk/Tools/clustalw2/

index.html) and edited with GeneDoc software. 

Cloning, expression of bm35 in E. coli and preparation

of an antiserum

The complete coding sequence of bm35 was amplified by

PCR from the BmNPV genomic DNA using primers 35-

F: 5'-AGGATCC ATG CAC GAC GGT CGC GTT-3'

(BamHI site underlined) and 35-R: 5'-GCTCGAG TTA

CAA AGT TTT GTA TTT-3' (XhoI site underlined), and

cloned into BamHI and XhoI sites of vector pET30a(+)

(Novagen, USA), to produce plasmid pET30-bm35. After

being verified by sequencing with T7 promoter primer,

the pET30-bm35 was transformed into E. coli BL21

(DE3) LysS cells. The (His)6-tagged protein, His-Bm35

was induced by addition of 1 mM isopropyl-β-D-thioga-

lactopyranoside (IPTG; Sigma-Aldrich, USA), and ana-

lyzed by 12% SDS-PAGE and Western blot with anti-

(His)6 monoclonal antibody (Qiagen, Germany). His-

Bm35 was purified using Ni2+-NTA agarose beads

(Qiagen, Germany) under native conditions following the

manufacturer's instructions, and used to generate poly-

clonal antiserum according to the procedure described

previously (Wang et al., 2005). 

Transcriptional analysis

A monolayer (about 1.0×106, 80~90% confluence) of

BmN cells were infected with BVs of BmNPV at 5.0

TCID50/cell. Total RNA was extracted at 0, 6, 12, 18, 24

and 48 h p.i. by adding Trizol reagent (Invitrogen Life

Technologies, USA). The RNA was dissolved in 50 µl of

double-distilled water, quantified by A260 measurement,

and treated with RNase-free DNase to eliminate any

potential BmNPV genomic DNA contamination. First-

strand cDNA was synthesized with AMV reverse tran-

scriptase XL and oligo(dT) primer (TaKaRa Bio, Japan).

The obtained cDNA mixtures were amplified by PCR

using primers 35-F and 35-R. RNA from mock-infected

cells was used as a negative control.

Purification of BV and ODV particles

At 72 h p.i., infected BmN cells were centrifuged at 3000 rpm

for 5 min at 4oC. The supernatant was filtered with a 0.45 µm

filter and used to purify BVs according to the method

described by Wang et al. (2010). Polyhedra particles were

purified from silkworm cadavers using the method described

by Braunagel and Summers (1994). ODV were purified from

polyhedra (IJkel et al., 2000). Purified BV and ODV were

lysed in SDS-PAGE sample buffer and submitted to Western

blot analysis as described previously (Du et al., 2006).

Western blot analysis

For the time course analysis of Bm35, infected cells were

harvested at the designated time points p.i. (see above). After

being washed three times in PBS, the cells were lysed in

SDS-PAGE sample buffer by boiling for 5 min, centrifuged

for 10 min at 12,000 rpm to remove cell debris. Western blot

analysis was performed as described by Du et al. (2006).

Results

Sequence analysis of Bm35

Using the MotifScan tool on the website http:// myhits.isb-

sib.ch/cgi-bin/motif_scan, one N-glycosylation site (aa 51−

54), two casein kinase II phosphorylation sites (aa 24−27,

103−106) and two protein kinase C phosphorylation sites

(aa 35–37, 59–61) were predicted in the Bm35 protein. A

putative typical RING finger motif, Cys-X2-Cys-X
n
-Cys-

X1-3-His-X2-3-Cys-X2-Cys-X
n
-Cys-X2-Cys (C3HC4) was also

found at aa 78−119 (Fig. 1). No signal peptide, trans-

membrane regions, mitochondrial targeting sequences,

nuclear localization signals or membrane retention signals

were found by any of motif search engines employed. 

Search in the databases revealed that the Bm35 is

encoded by a rare gene whose homologues were found

only in the genomes of some group-I nucleopolyhedrovi-

ruses. Sequence alignment of Bm35 and its homologues

was shown in Fig. 1. The Bm35 shares a high level of

sequence identity (86−99%) with homologues from

Bombyx mandarina nucleopolyhedrovirus (BomaNPV),

Autographa californica multiple nucleopolyhderovirus

(AcMNPV), Plutella xylostella multiple nucleopolyhderovirus

(PlxyMNPV), Rachiplusia ou multiple nucleopolyhedrovirus

(RoMNPV) and Maruca vitrata multiple nucleopolyhedrovirus

(MaviNPV). However, Bm35 is lower identical (39−42%)

to the homologues from the other group-I nucleopolyhe-

droviruses.

Temporal transcription analysis of bm35 in BmNPV-

infected BmN cells

Temporal transcription of bm35 was investigated by RT-
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PCR using total RNA isolated from infected BmN cells at

different time points. A single transcription band about

400 bp in length was observed at 12 h p.i., and remained

detectable until 48 h p.i. (Fig. 2). 

Time course analysis of Bm35 expression in BmNPV-

infected BmN cells

Initially, the Bm35 protein was highly expressed in E. coli in

frame with (His)6 tag and purified using Ni2+-NTA agarose

beads. The size of fusion protein His-Bm35 was approxi-

mately 21.0 kDa, similar to theoretical size of Bm35 plus tag

(His)6, indicating that Bm35 was expressed completely

(Data not shown). Purified His-Bm35 was used to immunize

rabbit to produce anti-Bm35 polyclonal antiserum. 

To detect the expression of Bm35, BmNPV-infected

cells were harvested at different time points and probed

with Bm35 polyclonal antibody by Western blot. A faint

immunoreactive band of approximately 15 kDa was first

found at 12 h p.i. and remained detectable until 48 h p.i.

(Fig. 3). Together with the results from temporal analysis

of bm35 transcription, it was confirmed that Bm35 is syn-

thesized in the late stage of BmNPV infection cycle.

Detection of Bm35 in BV and ODV particle

To explore whether the Bm35 protein is a structural com-

Fig. 1. Multiple alignment of amino acid sequence of Bm35 and its homologues from other NPV. Two shading levels were set as

black for 100% identity and grey for 80% identity. The putative RING finger motif was underlined. Viruses in abbreviation were

BmNPV: Bombyx mori NPV (Gomi et al., 1999), BomaNPV: Bombyx mandarina NPV (Xu et al., 2010), AcMNPV: Autographa

californica multiple NPV (Ayres et al., 1994), PlxyMNPV: Plutella xylostella multiple NPV (Harrison and Lynn, 2007), RoMNPV:

Rachiplusia ou multiple NPV (Harrison and Bonning, 2003), MaviNPV: Maruca vitrata NPV (Chen et al., 2008), AgMNPV: Anti-

carsia gemmatalis multiple NPV (Oliveira et al., 2006), CfDefNPV: Choristoneura fumiferana DEF multiple NPV (Lauzon et al.,

2005), EppoNPV: Epiphyas postvittana NPV (Hyink et al., 2002), OpMNPV: Orgyia pseudotsugata multiple NPV (Ahrens et al.,

1997), AnpeMNPV: Antheraea pernyi multiple NPV (Fan et al., 2007), CfMNPV: Choristoneura fumiferana multiple NPV (de

Jong et al., 2005), AnpeNPV: Antheraea pernyi NPV (Nie et al., 2007).

Fig. 2. Transcription analysis of bm35 in BmNPV-infected

BmN cells by RT-PCR. 

Fig. 3. Temporal expression analysis of Bm35 protein in

BmNPV-infected BmN cells by Western blot analysis. 
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ponent, Western blot analysis was performed on purified

BmNPV BV and ODV using Bm35 polyclonal antibody,

and no positive bands could be detected (Fig. 4B). To

compare the absence of Bm35 protein to other structural

component, total proteins of BV and ODV were reacted

with antibody specific to VP80, a capsid-associated pro-

tein (Müller et al., 1990). A band was observed in BV and

ODV samples (Fig. 4A). Thus, these results suggested

that Bm35 is a non-structural protein associated with

BmNPV BV and ODV.

Discussion

A recent proposed reclassification has expanded family

Baculoviridae to four genera: Alphabaculovirus (lepi-

dopteran NPVs), Betabaculovirus (lepidopteran GVs),

Gammabaculovirus (hymenopteran NPVs) and Deltabac-

ulovirus (dipteran NPVs) (Jehle et al., 2006). Based on

phylogeny, the proposed Alphabaculovirus viruses are

subdivided into group I and group II (Zanotto et al., 1993;

Bulach et al., 1999). The Bm35 is a rare protein whose

homologues are encoded by some group-I NPVs (Fig. 1),

suggesting that Bm35 and its homologues may play a spe-

cific role related to its unique host in individual virus life

cycle. The BmNPV is a group-I virus and potentially

encodes 136 proteins (Gomi et al., 1999). Among these

136 genes, six (iap1, orf35, iap2, cg30, ie2, and pe38) are

predicted to encode proteins containing a RING finger

motif (Imai et al., 2003). In the present study, the tran-

scription, expression and viral particle localization of

BmNPV Bm35 were characterized. Bm35 is not a struc-

tural component associated with the BV and ODV particle.

The transcription and expression of Bm35 are detected at

12 h p.i., and remained detectable until 48 h p.i. 

The gene expression of baculovirus can be divided into

4 phases: immediate-early, delayed-early, late and very

late. After infection, the immediate-early and delayed-

early genes are transcribed by host RNA polymerase II

and most of them are thought to be involved in viral rep-

lication and late gene expression (Todd et al., 1996).

However, expression of delayed-early genes appears to be

dependent on the presence of immediate-early gene prod-

ucts (Kelly et al., 2007). Late and very-late genes are tran-

scribed by viral RNA polymerase whose expression is

regulated by the early gene products. Late gene expres-

sion is dependent on the replication of virus DNA and late

proteins are frequently involved in the regulation of late

and very late gene expression (Hefferon, 2004). Very late

protein expression is characterized by the prominent syn-

thesis of p10 and polyhedrin. These very-late proteins are

often involved in the processes of occlusion and cell lysis

(Hasnain et al., 1997). Together with the results we

obtained previously (Guo et al., 2010), it seems that

Bm35 expression synchronizes with the replication of

BmNPV DNA. So, it is postulated that Bm35 may be

associated with late and very-late gene expression. 

Although some basic characteristics of Bm35 were

described in this paper, much information about this gene

keeps unknown. The function of bm35 is being further

investigated by deletion and mutagenesis studies using a

BmNPV bacmid.
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